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ABSTRACT
Objective: Falls and related injuries remain a considerable health risk for in-patients. Numerous studies link falls with nurse
staffing levels, but the results are inconsistent. The purpose of this study was to explore the associations between fall prevalence
and injurious falls on medical wards and three unit-level system factors: daily nurse staffing, patient turnover, and safety climate.
Methods: Using a cross-sectional design, we conducted a secondary data analysis of data from the Patient Safety and Falls
Project. Five medical units in a Swiss university hospital were included, resulting in a data set of 949 days, with daily measures of
nurse staffing, patient turnover and falls. The safety climate was measured using a subscale of the Safety Attitudes Questionnaire
and analyzed at the unit level including data from 154 nurses. Robust multivariate logistic regression was used to explore nurse
staffing, patient turnover, and safety climate’s associations with in-patient falls and fall injuries.
Results: After controlling for patient age, length of stay and nursing fulltime equivalents, registered nurse experience showed
a significant negative relationship with falls (OR = .83, p < .0001). Patient turnover and safety climate were not significantly
associated to falls or fall injuries.
Conclusions: By linking nurse staffing variables to in-patient falls and fall injuries, the current study’s findings partly confirm
those of previous research. Further investigation will be necessary to isolate key factors influencing the association at the unit
level between safety climate and in-patient falls.
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1. INTRODUCTION
Morbidity, mortality and costs resulting from hospital in-
patient falls are considerable. An analysis of 6,100 units in
1,263 US hospitals over a period of 27 months showed an
overall fall rate of 3.56 per 1,000 bed days, with 26.1% of
these falls leading to injury.[1] Murray, Cameron & Cum-
ming[2] showed that 28% of patients who sustained proximal
femoral fractures due to falls while hospitalized died. Fur-
thermore, 33% of patients who suffered falls in hospitals
were dischared to long-term care facilities.[2] Brand & Sun-
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dararajan[3] observed that lengths of stay were far longer
for patients who fell in hospital than for those without falls
(respective medians: 19 days versus 5 days, p < .0001). In a
review on the economic burden of falls in old age, costs for
fall-related hospitalizations ranged from 5,654 to 42,840 US
dollars.[4]
Systematic reviews and guidelines provide evidence on fall
prevention interventions,[5, 6] but the effects of hospital fall
prevention programs fade over extended periods.[7–11]
In a survey of 4,412 nurses and nurse assistants in eleven
acute care hospitals, Kalisch, Tschannen and Hee Lee[12]
found a significant association between omitted nursing care
and more falls. A previous study showed that the number
of nurse hours per patient day was a significant predictor
of missed care.[13] One of the most commonly missed care
elements was ambulation – a core element of fall prevention.
Several studies have associated lower patient-to-nurse ratios
and skill mixes that include higher proportions of registered
nurses with lower fall rates;[14–16] others have showed no
such relationship.[17–19] These findings’ lack of consistency
may relate to their studies’ levels of analysis, i.e., hospi-
tal, unit, day or shift, while daily or shift variability may
be muted at the unit level when data are aggregated on an
annual basis or at the hospital level.[20]
In addition, working conditions and processes in a hospital or
unit may hinder nurses’ ability to prevent falls.[21] In a cross-
sectional study, Myny et al.[22] identified work interruptions
and high patient turnover rates as the nursing workload’s
most important and measurable fall-related factors. The cur-
rent trend towards shortening hospital stays can lead to faster
patient turnover, complicating nursing demands and increas-
ing workloads.[23–25] Patient turnover has also been linked to
such outcomes as failure-to-rescue and mortality.[26, 27]
Another possible unit-level factor is safety climate. Sexton,
et al.[28] defines the safety climate as the consensus of shared
perceptions regarding patient safety norms and behaviors by
frontline care workers in a given clinical area. A strong safety
climate supports the adherence to safe work practices and
mitigates the effect of factors that hinder safe work behav-
iors.[29] Several studies indicate that a unit’s safety climate is
a predictor of patient outcomes, but results vary. For example,
whereas Vogus & Sutcliff[30] and Taylor, et al.[31] negatively
correlated safety climate with in-patient falls, Ausserhofer et
al.[32] could not reproduce these findings.
1.1 Conceptual framework
We developed our conceptual framework with the variables
under study based on previous research.[29, 32, 33] As de-
scribed above, patient turnover and safety climate are our
main context factors, along with length of stay, patient age
and nursing care time per patient, as a proxy for patient com-
plexity. As structural factors, we used nurse staffing and
nurse characteristics variables. In-patient falls and falls with
injuries are measured as outcome variables.
1.2 Study objectives
The objectives of the study were: (1) to determine daily
nurse staffing levels, patient turnover rates, safety climate
and the daily incidences of falls and injurious falls on medi-
cal wards, (2) to explore whether daily nurse staffing levels,
daily patient turnover rates and safety climate are related to
the frequencies of in-patient falls and injurious falls.
2. METHODS
2.1 Design
This paper presents a secondary analysis of data from the
“Patient Safety and Falls” project (PASAF), using a cross-
sectional design.
2.2 Setting and sample
Five medical units in a university hospital in Switzerland
were included. One medical unit specialized in acute geri-
atrics. Nurse staffing level and patient data, including admis-
sions, discharges, and falls, were collected from 1st Novem-
ber 2009 to 30th April 2010 from administrative records. All
patients 18 years of age or older who were hospitalized for
at least 24 hours during the study period were included. Reg-
istered nurses (RN) and nurse assistants (NA) were included
as nursing staff, but nurse managers were excluded. For the
safety climate measurement in September 2009, RNs were
eligible if they met the following inclusion criteria: direct
involvement in patient care, employment for at least one
month at an employment level of at least 30% on the tested
ward. NA’s were excluded from the safety climate survey.
2.3 Variables and measures
2.3.1 Context variables
The patient turnover rate was calculated by dividing the sum
of daily admissions and discharges by the total number of
patients per day in each unit, thus obtaining an index be-
tween 0 and 1, with a higher index indicating a higher daily
turnover rate. For the safety climate measurement we used
the seven-item safety climate subscale of the Safety Attitudes
Questionnaire (SAQ) (see Table 1). The SAQ elicits attitudes
regarding interventions associated with the caregivers’ pa-
tient safety improvement behavior.[34, 35] Psychometric test-
ing of the instrument and its subscales yielded acceptable to
good ratings.[35–37] The safety climate items were scored on
a five-point Likert scale ranging from 1 (disagree strongly)
to 5 (agree strongly). Patient characteristics were measured
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as age, gender and length of stay in hospital. The nursing
fulltime equivalent was considered as a proxy for patient
complexity. The nursing time was retrieved from the hospital
nursing performance recording system. We presume that the
more nurse hours used by a patient the more complex is the
state in which he or she is.
Table 1. SAQ items for safety climate[35]
 
 
I would feel safe being treated in this unit. 
In this unit, errors are handled appropriately. 
I know the proper channels to direct questions regarding patient 
safety in this unit. 
I receive appropriate feedback about my performance. 
In this unit, it is difficult to discuss errors.  
I am encouraged by my colleagues to report any patient safety 
concerns I may have.  
The culture in this unit makes it easy to learn from the errors of 
the others. 
 
2.3.2 Structure variables
Nurse staffing was expressed as patient-to-nurse ratio, skill
mix, and RN professional experience. For every day and
unit, the nurse staffing level was calculated as the ratio of
the total number of patients to the total number of nursing
staff (patient-to-nurse ratio per day). The nurse skill mix was
computed as the percentage of RNs working on the nursing
staff every day per unit. The demographic data for regis-
tered nurses included age, gender, employment level (%),
experience in profession (years) and experience on the unit
(years).
2.3.3 Outcome variables
An in-patient fall was defined as an unexpected event in
which the patient comes to rest on the ground, floor or lower
level while hospitalized.[38] Falls were counted daily as no
fall or fall. To allow the linking of a distinct turnover rate
and nurse staffing level to each fall, on days with more than
one fall, for each additional fall an additional day was added.
Three levels were used to differentiate fall severity: no injury,
minor injury (e.g., abrasion, contusion) and major injury
(e.g., lacerations requiring stitching, fractures, dislocation of
joints, intracranial bleeding). Fall data were calculated as
falls per 1,000 patient days.
2.3.4 Data collection and data management
Administrative data included the number of RN and NA per
day as measured by headcounts. Data collection for falls
was self-administered by shift nurses over the same period.
The electronic nursing performance system used barcodes
to record falls and injuries. The safety climate measurement
was conducted using questionnaires in September 2009 at
the unit level. The questionnaires were distributed within
the team meetings. All data were saved anonymously in an
electronic database and stored securely.
2.3.5 Statistical methods
Descriptive statistics were calculated as appropriate for data
distributions and measures of central tendency. To gauge
safety climate we calculated proportions of positive safety
climate reports for every unit (% of respondents who agreed
slightly and strongly with the items). The associations be-
tween contextual and structural factors and falls were an-
alyzed using a logistic regression model, adjusting for the
clustering of measurement days within units using General
Estimation Equations. In a first step we adjusted for patient-
to-nurse ratio and skill mix. In 4 further analyses, we sequen-
tially added the following covariates: patient turnover rate,
safety climate, patient age, length of stay, FTE per patient.
The level of significance was set at α < .05. The data were
analyzed using IBM SPSS Statistics for Windows, version
20.0 (IBM Inc., Armonk, NY, USA) and SAS version 9.3.1.
for Windows (SAS Institute Inc., Cary, NC, USA).
2.3.6 Ethical aspects
The PASAF study received approval from the responsible
ethical committee in 2009. The completion of the question-
naires was voluntary for all participants and the anonymity
of patient and staff data was secured.
3. RESULTS
3.1 Participants
A sample of 949 hospital days was analyzed, including data
from 2,981 in-patients of four medical units and one acute
geriatrics unit. All descriptive results are summarized in
Table 2. There were significant differences apparent between
the patients of the four medical units and the acute geriatrics
unit concerning age and length of stay (mean age: 65.8 vs.
83.8 years, p = .000; mean length of stay: 10.0 vs.19.1 days,
p = .000). However, the patients did not differ significantly in
the mean nursing time per patient stay (7.05 FTE in internal
medicine vs. 7.58 FTE in the acute geriatrics unit, p = .451).
3.2 Nurse staffing, patient turnover and safety climate
For all five units, the mean number of patients per RN
(patient-to-nurse ratio) was 3.24 per day. The mean number
of admissions and discharges per day was 6.25 and the mean
patient turnover index was .144. On the acute geriatrics unit,
the nurse staffing is more favorable than on the other medical
units (mean patient-to-nurse ratio 3.29 vs. 3.05, p = .000;
mean skill mix 76.3 vs. 84.24, p = .000), and the acute geri-
atrics unit shows a lower mean patient turnover rate (.154
vs. .104, p = .000). The SAQ questionnaire was completed
by 154 nurses. Response rates on the five units ranged from
68%-85.4%, and the positive safety climate responses ranged
from 60.9%-87%.
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Table 2. Units, patients, nurse staffing, patient turnover, safety climate, time of nursing care and falls#
 
 
Variables Internal medicine units (n = 4) Acute geriatrics unit (n = 1) 
Beds 152 28 
Patient days  35,478 5,949 
Patients  2,670 311 
 Age* 65.82 (68; 16-104) 83.84 (84; 64-99)  
 Length of stay* 13.29 (10; 1-168) 19.13 (16; 1-134) 
 Female (%) 42.1 60.5 
Registered nurses  135 19 
 Age* 37.6 (35; 22-58) 44.09 (45; 25-60) 
 Experience in profession* 13.4 (10.6; 0.25-34.5) 15.51 (11.13; 1.25-40)  
 Experience on unit* 8.7 (6.0; 0.25-29.25) 13.77 (12; 0.5-40) 
 Female (%) 83.5 84.2 
Patient-to-nurse ratio* 3.29 (3.21; 1.95-5.9) 3.05 (3; 2-4.86) 
Skill mix*, † 76.3 (76.47; 63.16-93.75) 84.24 (83.33; 72.22-100) 
Patient turnover rate* .154 (.152; 0-.34) .104 (.097; 0-.36) 
Safety climate§ 60.9%-87.0% 86.8% 
Time of nursing care*, ‡ 7.05 (3.9; 0.02-204.78) 7.58 (5.95; 0.32-35-46) 
Falls  158 32 
Falls with injuries  31 9 
Fall rate; fall injury rate£ 4.45; 0.87 5.38; 1.51 
Note. # Nurse staffing, patient turnover and falls were measured for every day from 1st November 2009-30th April 2010 (n = 949 days); safety climate 
measured in November 2009; * mean (median; range); § proportion of positive safety climate reports; † proportion of registered nurses of whole nursing 
staff; ‡ time of nursing care in fulltime equivalents per patient stay; £ per 1,000 patient days. 
3.3 Falls
During the study period, 190 in-patient falls occurred.
Twenty percent of falls (n = 39) resulted in minor injuries
and one fall in a major injury. The overall fall rates and
the rate of injurious falls were 4.6 and 0.9, respectively per
1,000 patient days. We observed a slightly higher fall rate
for the acute geriatrics unit than on the medical units (5.38
vs. 4.45 per 1,000 patient days), as well as a higher rate for
fall injuries (1.51 vs. 0.87 per 1,000 patient days). On aver-
age, patients with falls were older than those without (67.3
years vs. 74.8 years; p = .000) and had considerably longer
lengths of stay (13.3 days vs. 26.1 days, p = .000). The
mean nursing time for patients with falls was significantly
higher than for patients without falls (17.3 FTE vs. 6.6 FTE;
p = .000). Comparing patients with a fall, there were no
significant differences between patients with or without an
injury in age, length of stay or nursing time.
3.4 Association between nurse staffing, patient turnover,
safety climate and falls
In the fully adjusted model (see Table 3), an increase in RN
professional experience correlated significantly with a re-
duction in the odds of falls (OR = 0.83, 95%CI 0.81-0.86).
Notably, increased proportions of positive safety climate re-
ports were significantly associated with a reduction in the
odds of falls (OR = 0.97, 95%CI 0.96-0.99), but this associa-
tion disappeared in the fully adjusted model. No significant
associations were observed between patient-to-nurse ratio,
skill mix, or patient turnover and falls. For fall injuries, a
significant association resulted as well for RN experience,
but not in the fully adjusted model. Patient age indicated a
significant positive relationship to falls and fall injuries (OR
= 1.02, 95%CI 1-1.03 and OR = 1.06, 95%CI 1.04-1.07), but
this significant correlation disappeared when adjusting with
time of nursing care.
4. DISCUSSION
This study explored the unit-level associations between daily
nurse staffing, patient turnover, and safety climate and in-
patient falls and fall injuries. We observed no association
between patient-to-nurse ratios, skill mix and patient turnover
rates and in-patient falls. Fall and injury rates were similar
to those described in the literature for the medical units, but
lower in the geriatrics unit.[1, 39] Greater RN professional
experience was negatively associated with in-patient falls.
Higher proportions of positive safety climate reports were
associated with fewer falls, but not when controlled for nurs-
ing time. Patient age seems to play an important role for
falls and fall injuries, but the association disappears when
controlled for the nursing time per patient.
Our findings regarding daily unit level nurse staffing are
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partly in line with existing figures for day- or shift-level mea-
surement on medical units, where higher proportions of RNs,
higher total nurse hours and more RN experience per shift
were associated with fewer falls.[14, 20] However, whereas
Patrician, et al.[20] found that a decreased proportion of RNs
per shift led to higher likelihoods both of falls and of falls
with injuries, the current study identified no relationship be-
tween patient-to-nurse ratio and skill mix and either falls or
injurious falls. One possible explanation would be that our
sample’s combination of low patient-to-nurse ratios and high
RN proportions had a strong protective effect. We suppose
that the more favorable ratios in our sample reflect the hospi-
tal’s academic status. Alongside these findings, the current
study’s results confirm Krauss, et al.’s[40] observation that
fall rates were sensitive to patient-to-nurse ratios when one
nurse was assigned to seven patients or more, but not when
the number of patients was three or less.
Table 3. Regression estimates for falls and fall injuries
 
 
Variables 
Model I 
OR (95%CI) p 
Model II 
OR (95%CI) p 
Model III 
OR (95%CI) p 
Model IV 
OR (95%CI) p 
Model V 
OR (95%CI) p 
Falls      
Patient-to-nurse ratio 1.21 (0.86-1.72) .91 1.2 (0.84-1.73) .32 1.55 (0.75-1.77) .51 1.24 (0.72-2.13) .43 1.24 (0.72-2.13) .43 
Skill mix 1.05 (0.99-1.02) .64 1.01 (0.98-1.03) .64 1.02 (0.99-1.05) .08 1.02 (0.98-1.05) .37 1.02 (0.98-1.05) .37 
RN experience 
1.05 (0.78-0.93) 
.0002 
0.85 (0.77-0.94) 
.0011 
0.85 (0.77-0.94) 
.0011 
0.8 (0.74-0.86) .0001 0.83 (0.81-0.86 .0001 
Patient turnover rate  1.75(0.13-23.38) .67 1.93 (0.16-23.73) .61 2.77 (0.24-32.05) .41 2.77 (0.24-32.02) .41 
Safety climate   0.98 (0.97-0.99) .01 0.97 (0.96-0.99) .0001 1.0 (0.96-1.05) .98 
Patient age    1.02 (1-1.03) .04 1.0 (0.96-1.04) .99 
Length of stay    1.06 (0.98-1.13) .13  - 
FTE# per patient     1.43 (0.9-2.26) .13 
Fall injuries      
Patient-to-nurse ratio 1.0 (0.62-1.63) .99 1.0 (0.62-1.61) .99 1.06 (0.6-1.97) .85 1.57 (0.71-3.45) .27 1.57 (0.71-3.45) .27 
Skill mix 0.99 (0.93-1.05) .76 0.98 (0.92-1.05) .65 0.96 (0.88-1.05) .37 0.95 (0.88-1.03) .24 0.95 (0.88-1.03) .24 
RN experience 1.16 (1.01-1.32) .04 1.15 (1.02-1.31) .03 1.15 (1.0-1.33) .05 0.95 (0.83-1.09) .48 1.03 (0.96-1.12) .41 
Patient turnover rate  0.13 (0-21.84) .44 0.06 (0-6.17) .23 0.12 (0-9.95) .35 0.12 (0-2.3) .35 
Safety climate   1.02 (0.99-1.06) .23 1.0 (0.97-1.03) .95 1.05 (0.94-1.17) .42 
Patient age    1.06 (1.04-1.07) .0001 1.02 (0.95-1.1) .54 
Length of stay    1.1 (0.93-1.13) .27 - 
FTE# per patient     1.88 (0.61-5.8) .28 
Note. units n = 5, observed days n = 949, falls n = 190, fall injuries n = 40; # FTE = nursing time in full time equivalent. 
 
Evidence relating nurses’ professional experience and falls is
scarce and with mixed results.[14, 41] Throughout our sample
units, both mean professional experience and tenure were
high. Presumably, more experienced RNs are more skilled
at detecting warning symptoms and making clinical deci-
sions, and would therefore contribute more effectively to fall
risk assessment and intervention planning. However, as our
sample hospital’s fall prevention program and their nurses’
adherence to them were beyond the scope of the current
study, the interpretation of these findings is speculative.
To our knowledge, the current study is the first to explore
possible relationships between patient turnover and either
falls or injurious falls. While our unit-level analysis indi-
cated no correlations, shift-level data might have yielded
different results, as admissions and discharges may have con-
centrated disproportionately on a single shift. Patrician et
al.[20] noted that higher shift patient censuses were related to
higher fall rates. Our sample’s relatively high nurse staffing
levels and RN professional experience might have mitigated
the possible negative effects of high turnover rates.
In our sample the safety climate varied between units, indi-
cating that there were differences concerning the clinicians’
awareness of unsafe practices, lack of support for safety ef-
forts and the possibility to discuss and to learn from errors. In
the regression model, safety climate proofed to have a strong
association with inpatient falls as shown in previous stud-
ies.[30, 31] However, the protective effect of a strong safety
climate disappeared when controlled for the nursing time
of care, our proxy for patient complexity. Complex patient
situations requiring a great amount of nursing time might
be prone to imbalances in the nursing process of care which
may result in omitting required nursing interventions or leav-
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ing interventions uncompleted, which has been shown to
be a more significant factor than safety climate.[32] Kalisch,
Tschannen and Hee Lee[12] found missed nursing care to be
an important moderator for fall rates. The effect of staffing
levels was lessened when nursing care was completed, espe-
cially ambulation, patient assessment in each shift, call light
response and toilet assistance.[12]
The current study is subject to several limitations such as
its observational design, a small sample size, including only
one hospital setting, and a relatively short observation period.
Furthermore, the secondary characteristics of our analysis
prevented inclusion of important control variables, e.g. the
hospital’s fall prevention program and its success level, and
we did not measure how appropriate and consistent proce-
dures concerning patient admissions, discharges and trans-
fers in our sample were. Fall data were based entirely on
nurse reports. Notwithstanding these limitations, this study’s
findings suggest that nurses’ professional experience and
nurse-reported safety climate are important factors concern-
ing in-patient falls. Our sample units’ favorable nurse staffing
and RN experience levels may have contributed to staff per-
ceptions of a positive safety climate. However, while patient-
to-nurse ratios and skill mixes were favorable on all units,
safety climate responses varied.
5. CONCLUSION
By linking nurse staffing variables to in-patient falls and fall
injuries, the current study’s findings partly confirm those of
previous research. Further investigation will be necessary to
isolate key factors influencing the association at the unit level
between safety climate and in-patient falls. To understand
the missing links between nurse staffing variables, other sys-
tem factors and in-patient falls, we recommend a prospective
unit-level study, possibly using a mixed-methods design. Our
finding that nurses’ professional experience correlates signif-
icantly with in-patient falls is potentially valuable for nurse
managers. For clinical practice, in light of the severe burdens
injurious falls involve for both patients and hospitals, we
recommend focusing on fall prevention strategies along with
monitoring safety climate and nurse staffing levels.
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